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Summary 

An increasing number of studies have implicated passive smoking as a definite threat to 
non-smokers’ health. Self-reports of smoking status may not always be reliable, 
particularly in situations where the smoker feels under pressure to give up smoking. In 
this Study questionnaire and salivary cotinine, an objective measure of nicotine 
exposure, were studied in asthmatic and age-matched control children. We have 
consequently developed a sensitive assay for cotinine using high performance liquid 
chromatography (HFLC) to quantitate environmental tobacco smoke (ETS) exposure 
in a group of 5- to 7-year-old asthmatic and control children. We chose to use mixed 
unstimulated saliva collected by absorption into dental rolls in the mouth for 5 min. Our 
modified extraction procedure was highly reproducible with a > 90% retrieval rate of 
cotinine from spiked saliva. The parents were asked to fill in a questionnaire on 
atmospheric pollutants to obtain an estimate of declared ETS exposure in the home. 
Results showed that 31 % of the asthmatic patients were exposed to ETS, according to 
the parents, but by HPLC 69% had been so exposed (n = 19). From the control group the 
figures were 40% and 50% of patients, respectively. Therefore, an objective assessment is 
essential as ETS is more ubiquitous than is apparent from the questionnaire alone. 
Finally, in this small number of individuals our objective assessment demonstrates that 
ETS exposure is more prevalent in asthmatic children (69%) than age-matched controls 
(51%). 
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Introduction 

Since the 1970s, it has been appreciated that passive 
smoking is not just a nuisance, but a health hazard 
particularly for small children [1], A burning cigarette 
gives off mainstream smoke, which is inhaled by the 
smoker, whilst the environment accumulates the side- 
stream smoke that comes off the lit end of the cigarette, 
The concentration of toxins is much higher in the 
sidestream than the mainstream smoke and 85% of 
smoke in a room is of sidestream origin [2,3]. There has 
been increasing concern in recent years that non-smokers 
exposed to environmental tobacco smoke (ETS) suffer a 
significant risk to their health. Adults so exposed have 
been reported to have an increased incidence of lung 
cancer [4-6] and smali-airways dysfunction [7]. It has 
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been suggested that ETS can sensitize circulating neutro¬ 
phils [8] which could in turn induce oxidant-mediated 
tissue damage. Considerable attention has been focused 
on the effects of ETS exposure in children [9-11]. 
Strachan et al. [12] reported that one-third of the 892 
children (aged 6-5-7-5 years) with middle ear effusion 
were exposed to tobacco smoke and concluded that this 
disease should be added to the list of recognized hazards 
of ETS. Evans et al. [13] reported that passive smoking 
was positively associated with emergency room visits by 
asthmatic children. More recently Bener et al. [14] 
undertook a cross-sectional study of 3300 school children 
and reported a significant link between parental smoking 
and asthma. A similar observation was reported indepen¬ 
dently by Martinez et al. [15] in a prospective study, which 
identified that parental smoking increased the risk of 
asthma by 2-5 times. Unfortunately these studies on ETS 
and disease in children were based on subjective question¬ 
naire replies about smoking habits which might not 
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reflect the true incidence of ETS. Consequently, a number 
of biological markers have been used to validate ETS 
exposure [16,17], Cotinine, a major metabolite of nico¬ 
tine, has a plasma half-life of about IS has opposed to 2 h 
for nicotine, is widely distributed throughout the body 
and is generally regarded as the analyte of choice. 
Recently there have been number of reports [18,19] 
relating to cotinine levels and asthma in children, empha¬ 
sizing the need for persistent efforts to stop the exposure 
of children with asthma to ETS. The purpose of this study 
was to set up an easy assay to quantitatively measure the 
ETS exposure which could be applied to a group of 
asthmatic and non-asthmatic children, using saliva sam¬ 
ples. This facilitated a comparison between reported and 
actual exposure to ETS. 

Materials and methods 

Study group 

Sixty-two children were recruited from the paediatric out¬ 
patient department at Southampton General Hospital. 
Asthmatic children (n — 19, age S-7 years) were enrolcd 
from the asthma and medical clinics. Control children 
(n=43, age 5-7 yearn) were enrolled from the surgical 
out-patient clinics. The parents who consented were 
approached to fill in a brief questionnaire. A trained 
interviewer put standardized questions to the parents. 
The questionnaire was specifically designed not to 
emphasize the interest in passive smoking. The words 
atmospheric pollutants were used instead, and the smok¬ 
ing questions were nestled amongBt others, regarding 
traffic pollution and household environment. This was 
done in the hope of obtaining a more accurate smoking 
history from the parents. In the asthmatic group the 
parents were also asked how long the child had had the 
asthma and how severe they considered the child’s asthma 
to be, how frequently the child wheezed and had received 
medication during the previous 12 months. 

Sample collection 

Saliva was collected by placing a piece of highly absorbent 
dental roll between the cheek and gum for 5 min. This was 
then expectorated into the body of a 5 ml syringe and 
squeezed, yielding between 1 and 1-5 ml of saliva. The 
samples were labelled and stored at — 70*C until analysed 
by high performance liquid chromatography (HFLC). 

Equipment 

An Applied Bioscience 400 pump was used for solvent 
delivery. Samples were injected using a SpectroPhysics 
8780 Auto-injector, Chromatography was performed on 


a Beckman Ultrasphere ODS RP Cl 8 (5 pm) stainless 
steel 250 x 4-6 mm i.d. column. Detection was performed 
using a Kratos Analytical Spectroflow 783, program¬ 
mable wavelength detector. Peak integration was carried 
out using an SpectroPhysics 4290 Integrator. 

Mobile phase 

The mobile phase consisted of 90% phosphate buffer 
(0-02 mol/1 with 4% triethylamine, pH 7-2) and 10% 
acetonitrile. The mobile phase was pumped through the 
column at a flow rate of 1'5 ml/min and chromatographic 
separation was carried out at ambient temperature, with 
detection at 261 nm. 

Reagents 

Cotinine and 2-phenylimidazole (internal standard) were 
obtained from Sigma (Poole, UK), Potassium dihydro¬ 
gen phosphate, orthophosphoric acid and the triethyla¬ 
mine were obtained from B.D.H. (Poole, UK). All 
solvents used were of HPLC grade (Rathbum Chemicals, 
Walkerbum, UK), 

Sample pre-treatments 

The extraction of cotinine from saliva was achieved using 
the following method. Saliva (800 pi) and internal 
standard (200 pi, 200 ng/ml) were added to 1 ml of NaOH 
(5 mmol/1). Four millilitre of dichloromethane/petroleum 
ether (1 :2 v/v) was added to this solution. This mixture 
was vortexed for 15 min and then centrifuged at 2000 rev/ 
min for 5 min. The organic layer (4 ml) was then collected 
and concentrated under nitrogen to approximately 500 pi. 
A mild acidic phase (500 pi, 0-0005 mmol/1) was added 
and the mixture was vortexed for 15 min and centrifuged 
at 2000 rev/min for S min. The aqueous phase was 
harvested and washed with 500 pi of diethyl ether. The 
subsequent aqueous phase was then freeze-dried and the 
pellet was resuspended in mobile phase (150 id) and 100 id 
of the solution was injected into the column. Figure 1 
summarizes the extraction procedure, 

Recovery 

For assessment of recovery rates, samples of the saliva of 
known adult non-smokers were spiked with known 
concentrations of cotinine. This was put through the 
extraction procedure and analysed by HPLC. The con¬ 
centration present was calculated as a percentage of the 
original concentration. 

Reproducibility 

A reproducibility study was carried out at two concentra¬ 
tions of cotinine and internal standard (50 and 100 ng/ 
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Fig. 1. Diagrammatic representation of the extraction procedure. 


ml). Six replicate analyses of spiked saliva samples from 
adult non-smokers were carried out. In addition, four 
saliva samples were collected from three of the children 
(two asthmatics and one control) over 3 h. Analysis of 
cotinine demonstrated that the collecting technique was 
reproducible and there were no discrepancies between 
cotinine concentration at each time. 

Results 

The recovery rate of cotinine from the spiked samples was 
above 90% and there was no significant interassay 
variability. 

Analysis of the patients’ saliva showed the presence of 
cotinine and allowed the differentiation between non¬ 
passive smokers and passive smokers. A typical chroma¬ 
togram is shown in Fig. 2. A cut-off of 5 ng/ml was chosen 
to differentiate between passive and non-passive smokers. 

According to the parents, six (31 %) out of 19 asthmatic 
children were exposed to ETS in the house and 13 (69%) 
were not exposed. In the control group the figures were 17 
(40%) and 26 (60%), respectively (Table la). 

Results by HPLC showed that 13 (69%) out of 19 
asthmatic children had been exposed to ETS within the 
previous 18 h, whilst six (31 %) were non-passive smokers. 
In the control group 23 (51 %) passive smoked (Table lb). 

The questionnaire and HPLC agreed on 21 passive 
smokers and 25 non-exposed individuals. However, 


HPLC picked up 14 passive smokers that the question¬ 
naire failed to identify while the questionnaire picked up 
only two passive smokers that HPLC missed (Table 1c). 
Conclusions based upon these results are limited by the 
relatively small sample studied. However, it seems that if 
objective assessment is to be used as an index, exposure to 
ETS is more prevalent in asthmatic children than controls 
(69 and 51%, respectively). 

Discussion 

Many studies have investigated the levels of passive 
smoking [12-14] in children. Murray and Morrison [20] 
compared the lung function of 247 children of mothers 
whose smoking habits were recorded by questionnaire. 
They found that lung function as measured by FEVj 
(forced expiratory volume in 1 s) was significantly lower 
and bronchial reactivity was significantly higher with the 
histamine Concentration producing a 20% fail in lung 
function being related to the amount of admitted mater¬ 
nal smoking. Unfortunately the results were not based on 
quantitative measurement of ETS exposure, which leaves 
an element of doubt about interpretation. 

Many methods have been used to quantify cotinine 
levels, from many different media. Plasma, saliva, urine, 
hair and even cervical mucous have been used and the 
concentrations found to correlate well with plasma 
nicotine levels [21]. We chose saliva mainly due to the 
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Table 1. Result of asthmatic and control children’s exposure to 
environmental tobacco smoke by (a) questionnaire and (b) 
HPLC. The agreement between the two techniques is described 
in(c) 



Passive 

smokers 

Non-passive 

smokers 

(a) Questionnaire 

Asthmatic children 

6 

13 

Control children 

17 

26 

(b) HPLC 

Asthmatic children 

13 

6 

Control children 

23 

20 

(c) Questionnaire 


HPLC 


Passive 

Non-passive 


smokers 

smokers 

Passive smokers 

21 

2 

Non-passive smokers 

14 

25 
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Fig. 2. Typical chromatogram of extracted saliva obtained from 
an asthmatic child who is exposed to environmental tobacco 
smoke, 


non-invasive and easy collection. Saliva is also a cleaner 
medium than urine and there is no interference from 
xanthines, which is a major problem in urine analysis for 
cotinine [21]. The method of collection was well tolerated 
by the children and a high yield of saliva was obtained 
from each child. Once collected the saliva was frozen at 
—70°C, and cotinine has been shown to be stable at this 
temperature for 12 months [21]. Although other methods 
such as radioimmunoassay [21] have been used, 
chromatography is recognized as being the most sensitive 
and specific for cotinine. HPLC is more widely available 
in laboratories, and for large population studies is a more 
cost-effective method. The extraction procedure was 
developed from a procedure previously used on urine [22]. 
The extraction was very efficient and gave highly repro¬ 
ducible results, with clean chromatograms. 

Our results clearly demonstrate that a questionnaire 
alone is an unreliable method of assessing ETS exposure 


in children. This may have important implications for 
studies which have found an increased incidence of 
asthma. Martinez et al. [IS] found an increase by 2-5 
times, on questionnaire alone. However, if a question¬ 
naire is as inaccurate as our study suggests the risk may be 
much higher, Also questionnaires do not account for the 
possibility of under-reporting because of unrecognized 
exposure to ETS such as from baby-sitters, grandparents, 
on public transport, etc, There also remains the possibi¬ 
lity that the child obtained and smoked cigarettes them¬ 
selves. All these exposures would be detected by cotinine 
levels as assayed by HPLC. Among our parents there was 
a trend for the answers of the parents of the asthma group 
to be more unreliable than those of the parents of the non¬ 
asthmatics. A further refinement of the study would have 
been to analyse the parents’ saliva for cotinine levels as 
well. 
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